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This supplementary information provides details of the model structure, its implementation, and 
parameter values (ranges) used for simulations. It also provides figures supporting the results 
presented in the main text for   R0 = 1.3  (22-24) and   R0 = 1.6  (22,23) in urban and remote 
populations, respectively. Results for higher   R0  were found to have similar qualitative behavior 
and are provided for   R0 = 1.7  and   R0 = 2  in urban and remote populations, respectively. 

 
 

1. Details of model implementation 
This model was based on the general framework for disease spread (28) with the inclusion of 
treatment for symptomatic infection (41). We included the effect of vaccine in the model as a 
reduced probability of acquiring infection for vaccinated individuals, as well as reduced 
probability of developing clinical symptoms if infection occurs.  
For model calibration we averaged over 1000 realizations at various transmission rates 
(probability of transmission per unit time) counting the number of secondary symptomatic cases 
to determine   R0  in the absence of any intervention. For each realization a different random 
individual was selected as the initial case.  
Data points for results in all figures were the average of 1000 realizations in which there was at 
least one secondary case. Realizations in which there were no secondary infections were 
discarded. Each realization was run with a random initial infection, which was allowed to be a 
vaccinated individual if vaccination started before the onset of epidemic. 
The protection efficacy of vaccine was randomly sampled for each individual from the estimated 
ranges summarized in Table S1. In case of low vaccine efficacy, where a two-dose strategy was 
implemented, we considered a three-week time period between the administration of the first and 
second doses of vaccine. The protection efficacy of vaccine was assumed to linearly increase to 
the sampled level for each individual following first and second doses, as illustrated in Figure S1.  
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Figure S1. Protection levels resulting from first and second doses of vaccine. Protection level 
rises linearly until it reaches the sampled level L1 after 14 days. In scenarios with high efficacy 
vaccine, a second dose was not required, and thus the individual’s protection level remains at L1 
after vaccination. For low efficacy vaccine, a second dose may be given 21 days after the first 
dose. In this case, the protection level increases linearly from L1 to the second sampled level L2 
over 14 days, and remains at L2 (27). 
 

2. Vaccination strategy prioritization 
The priority order of age groups for vaccination is: 

• Morbidity-based strategy: first 5 – 19, then 20 – 49, and lastly 0 – 4 and 50+. 
• Outcome-based strategy: first 0 – 4 and 50+, then 5 – 19, and lastly 20 – 49. 

For prioritization in the risk-based strategy, we used the probability 
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for vaccination of individuals in age group  i , where the ‘Risk’ for an age group is defined in the 
main text.  
 
 

3. Disease natural history  
The model for the natural history of the disease has been previously described in Figure 1 of (39) 
considering Susceptible, Exposed, Pre-symptomatic, Infectious (both Symptomatic and 
Asymptomatic), and Recovered states. The probability of developing symptoms is  

 
  
Psymptomatic = (1− PA)(1− qvi ) , (A2) 

where  PA  is the probability of developing asymptomatic infection in the absence of vaccine (see 
Table S1), and  qvi  is the current vaccine protection level in the individual. 
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4. Treatment and hospitalization model 
Symptomatic infections may receive care (considered as seeking care) in the form of treatment 
only, or hospitalization (Figure S2). Individuals that are not hospitalized (whether sought care or 
not) may practice self-isolation. Hospitalized individuals are completely isolated.  
 

 
Figure S2. Hospitalization and treatment model. Symptomatic individuals seek care with 
probability a (described in Table S1). Individuals who seek care are hospitalized with probability 
b (described in Table S1). Individuals who seek care but are not hospitalized receive antiviral 
treatment only. 
 

5. Demographic distributions 
We used census databases of Statistics Canada to derive distributions of age, household 
compositions, and employment rates in both urban centre and shifted demographics (remote 
community). The rates for urban centre were scaled down by a factor of 366 (that is the ratio of 
the total population sizes of urban to remote). These distributions are given in figures below. 
 

 
Figure S3. Comparison of age group sizes between urban (red bars; scaled population size) and 
remote (blue bars) populations.  
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Figure S4. Comparison of ratio of employed males (blue bars) and females (red bars) to all 
working-age in both urban and remote populations. 
 
 
 
 
 

 
Figure S5. Comparison of household sizes between urban (red bars) and remote (blue bars) 
populations.  
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6. Simulations for urban centre with   R0 = 1.3   
Simulations presented in this section correspond to the results presented in the main text for the 
urban population. 
 

 
 

Figure S6. Relative attack rates for single-dose vaccination strategies in urban centre. Curves 
correspond to the scenarios without vaccination (cyan), morbidity-based vaccination strategy 
(red), risk-based vaccination strategy (black), outcome-based vaccination strategy (blue), and 
random vaccination strategy (green). 
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Figure S7. Relative attack rates for single-dose vaccination strategies in urban centre for age 
groups 0 – 4 (solid curves); 5 – 19 (dashed curves); 20 – 49 (dotted curves); and 50+ (dot-dashed 
curves). Colours correspond to morbidity-based (red), risk-based (black), outcome-based (blue), 
and random (green) vaccination strategies. 
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Figure S8. Age-specific attack rates for two-dose vaccination strategies in urban centre. Curves 
correspond to the scenarios without vaccination (cyan), morbidity-based vaccination strategy 
(red), risk-based vaccination strategy (black), outcome-based vaccination strategy (blue), and 
random vaccination strategy (green). 
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Figure S9. Relative attack rates for two-dose vaccination strategies in urban centre. Curves 
correspond to the scenarios without vaccination (cyan), morbidity-based vaccination strategy 
(red), risk-based vaccination strategy (black), outcome-based vaccination strategy (blue), and 
random vaccination strategy (green). 
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Figure S10. Age-specific attack rates for two-dose vaccination strategies in urban centre for age 
groups 0 – 4 (solid curves); 5 – 19 (dashed curves); 20 – 49 (dotted curves); and 50+ (dot-dashed 
curves). Colours correspond to morbidity-based (red), risk-based (black), outcome-based (blue), 
and random (green) vaccination strategies. 
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Figure S11. Relative attack rates for two-dose vaccination strategies in urban centre for age 
groups 0 – 4 (solid curves); 5 – 19 (dashed curves); 20 – 49 (dotted curves); and 50+ (dot-dashed 
curves). Colours correspond to morbidity-based (red), risk-based (black), outcome-based (blue), 
and random (green) vaccination strategies. 
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7. Simulations for shifted demographics (remote community) with   R0 = 1.6   
Simulations presented in this section correspond to the results presented in the main text for the 
remote population. 
 

 
Figure S12. Relative attack rates for single-dose vaccination strategies in shifted demographics 
(remote community). Curves correspond to the scenarios without vaccination (cyan), morbidity-
based vaccination strategy (red), risk-based vaccination strategy (black), outcome-based 
vaccination strategy (blue), and random vaccination strategy (green). 
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Figure S13. Relative attack rates for single-dose vaccination strategies in shifted demographics 
(remote community) for age groups 0 – 4 (solid curves); 5 – 19 (dashed curves); 20 – 49 (dotted 
curves); and 50+ (dot-dashed curves). Colours correspond to morbidity-based (red), risk-based 
(black), outcome-based (blue), and random (green) vaccination strategies. 
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Figure S14. Age-specific attack rates for two-dose vaccination strategies in shifted demographics 
(remote community). Curves correspond to the scenarios without vaccination (cyan), morbidity-
based vaccination strategy (red), risk-based vaccination strategy (black), outcome-based 
vaccination strategy (blue), and random vaccination strategy (green). 
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Figure S15. Relative attack rates for two-dose vaccination strategies in shifted demographics 
(remote community). Curves correspond to the scenarios without vaccination (cyan), morbidity-
based vaccination strategy (red), risk-based vaccination strategy (black), outcome-based 
vaccination strategy (blue), and random vaccination strategy (green). 
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Figure S16. Age-specific attack rates for two-dose vaccination strategies in shifted demographics 
(remote community) for age groups 0 – 4 (solid curves); 5 – 19 (dashed curves); 20 – 49 (dotted 
curves); and 50+ (dot-dashed curves). Colours correspond to morbidity-based (red), risk-based 
(black), outcome-based (blue), and random (green) vaccination strategies. 
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Figure S17. Relative attack rates for two-dose vaccination strategies in shifted demographics 
(remote community) for age groups 0 – 4 (solid curves); 5 – 19 (dashed curves); 20 – 49 (dotted 
curves); and 50+ (dot-dashed curves). Colours correspond to morbidity-based (red), risk-based 
(black), outcome-based (blue), and random (green) vaccination strategies.  
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8. Percentage reduction of hospitalization for two-dose vaccination strategies 
 

 
 

Figure S18. Percentage reduction of hospitalization for different vaccination strategies 
compared to the scenario without vaccination. Panel (A) and (B) correspond to two-dose 
vaccination strategies in urban (  R0 = 1.3)	  and	  remote	  (  R0 = 1.6 )	  populations, respectively, with 
the start of vaccination (1): two weeks before the onset of epidemic; (2): at the onset of epidemic; 
(3) two weeks after the onset of epidemic; and (4): four weeks after the onset of epidemic. 
Colours correspond to the morbidity-based (red), risk-based (black), outcome-based (blue), and 
random (green) vaccination strategies. The horizontal axis represents the fraction of 
symptomatically infected individuals who seek care during symptomatic infection. 
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9. Percentage reduction of hospitalization for single-dose vaccination strategies  
 

 

 
 

Figure S19. Percentage reduction of hospitalization for different age groups in outcome-
based strategy compared to the scenario without vaccination. Panel (A) and (B) correspond to 
a single-dose vaccination strategy in urban (  R0 = 1.7 )	  and	  remote	  (  R0 = 2.0 )	  populations, 
respectively, with the start of vaccination (1): two weeks before the onset of epidemic; (2): at the 
onset of epidemic; (3) two weeks after the onset of epidemic; and (4): four weeks after the onset 
of epidemic. Colours correspond to the 0 – 4 (black), 5 – 19 (red), 20 – 49 (blue), and 50+ (green) 
years age groups. The horizontal axis represents the fraction of symptomatically infected 
individuals who seek care during symptomatic infection. 
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Figure S20. Percentage reduction of hospitalization for different vaccination strategies 
compared to the scenario without vaccination. Panel (A) and (B) correspond to two-dose 
vaccination strategies in urban (  R0 = 1.7 )	  and	  remote	  (  R0 = 2.0 )	  populations, respectively, with 
the start of vaccination (1): two weeks before the onset of epidemic; (2): at the onset of epidemic; 
(3) two weeks after the onset of epidemic; and (4): four weeks after the onset of epidemic. 
Colours correspond to the morbidity-based (red), risk-based (black), outcome-based (blue), and 
random (green) vaccination strategies. The horizontal axis represents the fraction of 
symptomatically infected individuals who seek care during symptomatic infection. 
 
  

0 0.1 0.2 0.3 0.4 0.5
0

0.2

0.4

0.6

0.8

1

0 0.1 0.2 0.3 0.4 0.5
0

0.2

0.4

0.6

0.8

1

0 0.1 0.2 0.3 0.4 0.5
0

0.2

0.4

0.6

0.8

1

0 0.1 0.2 0.3 0.4 0.5
0

0.2

0.4

0.6

0.8

1

0 0.1 0.2 0.3 0.4 0.5
0

0.2

0.4

0.6

0.8

1

0 0.1 0.2 0.3 0.4 0.5
0

0.2

0.4

0.6

0.8

1

0 0.1 0.2 0.3 0.4 0.5
0

0.2

0.4

0.6

0.8

1

0 0.1 0.2 0.3 0.4 0.5
0

0.2

0.4

0.6

0.8

1
pe

rc
en

ta
ge

 re
du

ct
io

n 
of

 h
os

pi
ta

liz
at

io
n

ur
ba

n 
po

pu
la

tio
n

pe
rc

en
ta

ge
 re

du
ct

io
n 

of
 h

os
pi

ta
liz

at
io

n

re
m

ot
e 

po
pu

la
tio

n

(A)

(B)

(1) (2) (3) (4)

(1) (2) (3) (4)

probability of 
seeking care

probability of 
seeking care

probability of 
seeking care

probability of 
seeking care



	   20	  

11. Simulations for urban centre with   R0 = 1.7   
 

 
Figure S21. Age-specific attack rates for single-dose vaccination strategies in urban centre. 
Curves correspond to the scenarios without vaccination (cyan), morbidity-based vaccination 
strategy (red), risk-based vaccination strategy (black), outcome-based vaccination strategy (blue), 
and random vaccination strategy (green). 
 
 
 

0 0.1 0.2 0.3 0.4 0.5
4

5

6

7

8

9

10 x 10−3

0 0.1 0.2 0.3 0.4 0.5
0.03

0.035

0.04

0.045

0.05

0.055

0.06

0 0.1 0.2 0.3 0.4 0.5
0.025

0.03

0.035

0.04

0.045

0.05

0.055

0.06

0 0.1 0.2 0.3 0.4 0.5
0.01

0.015

0.02

0.025

0.03

0.035

0 0.1 0.2 0.3 0.4 0.5
3

4

5

6

7

8

9

10 x 10−3

0 0.1 0.2 0.3 0.4 0.5
0.02

0.03

0.04

0.05

0.06

0 0.1 0.2 0.3 0.4 0.5
0.01

0.02

0.03

0.04

0.05

0.06

0 0.1 0.2 0.3 0.4 0.5
0.01

0.015

0.02

0.025

0.03

0.035

0 0.1 0.2 0.3 0.4 0.5
0

0.002

0.004

0.006

0.008

0.01

0 0.1 0.2 0.3 0.4 0.5
0

0.01

0.02

0.03

0.04

0.05

0.06

0 0.1 0.2 0.3 0.4 0.5
0

0.01

0.02

0.03

0.04

0.05

0.06

0 0.1 0.2 0.3 0.4 0.5
0

0.005

0.01

0.015

0.02

0.025

0.03

0 0.1 0.2 0.3 0.4 0.5
0

0.002

0.004

0.006

0.008

0.01

0 0.1 0.2 0.3 0.4 0.5
0

0.01

0.02

0.03

0.04

0.05

0.06

0 0.1 0.2 0.3 0.4 0.5
0

0.01

0.02

0.03

0.04

0.05

0.06

0 0.1 0.2 0.3 0.4 0.5
0

0.005

0.01

0.015

0.02

0.025

0.03
at

ta
ck

 ra
te

at
ta

ck
 ra

te
at

ta
ck

 ra
te

age group 0 - 4 yr age group 5 - 19 yr age group 20 - 49 yr age group 50+ yr

(A)

(B)

(C)

at
ta

ck
 ra

te

probability of 
seeking care

probability of 
seeking care

probability of 
seeking care

probability of 
seeking care

(D)

(1) (2) (3) (4)

(1) (2) (3) (4)

(1) (2) (3) (4)

(1) (2) (3) (4)
va

cc
in

at
io

n 
st

ar
ts

 2
 w

ee
ks

  
be

fo
re

 th
e 

on
se

t o
f e

pi
de

m
ic

va
cc

in
at

io
n 

st
ar

ts
 

at
 th

e 
on

se
t o

f e
pi

de
m

ic
va

cc
in

at
io

n 
st

ar
ts

 2
 w

ee
ks

  
af

te
r t

he
 o

ns
et

 o
f e

pi
de

m
ic

va
cc

in
at

io
n 

st
ar

ts
 4

 w
ee

ks
  

af
te

r t
he

 o
ns

et
 o

f e
pi

de
m

ic



	   21	  

 
 
 

 
 
Figure S22. Relative attack rates for single-dose vaccination strategies in urban centre. Curves 
correspond to the scenarios without vaccination (cyan), morbidity-based vaccination strategy 
(red), risk-based vaccination strategy (black), outcome-based vaccination strategy (blue), and 
random vaccination strategy (green). 
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Figure S23. Age-specific attack rates for single-dose vaccination strategies in urban centre for 
age groups 0 – 4 (solid curves); 5 – 19 (dashed curves); 20 – 49 (dotted curves); and 50+ (dot-
dashed curves). Colours correspond to morbidity-based (red), risk-based (black), outcome-based 
(blue), and random (green) vaccination strategies. 
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Figure S24. Relative attack rates for single-dose vaccination strategies in urban centre for age 
groups 0 – 4 (solid curves); 5 – 19 (dashed curves); 20 – 49 (dotted curves); and 50+ (dot-dashed 
curves). Colours correspond to morbidity-based (red), risk-based (black), outcome-based (blue), 
and random (green) vaccination strategies. 
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Figure S25. Age-specific attack rates for two-dose vaccination strategies in urban centre. Curves 
correspond to the scenarios without vaccination (cyan), morbidity-based vaccination strategy 
(red), risk-based vaccination strategy (black), outcome-based vaccination strategy (blue), and 
random vaccination strategy (green). 
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Figure S26. Relative attack rates for two-dose vaccination strategies in urban centre. Curves 
correspond to the scenarios without vaccination (cyan), morbidity-based vaccination strategy 
(red), risk-based vaccination strategy (black), outcome-based vaccination strategy (blue), and 
random vaccination strategy (green). 
 
 
 
 

0 0.1 0.2 0.3 0.4 0.5
0.08

0.1

0.12

0.14

0.16

0.18

0 0.1 0.2 0.3 0.4 0.5
0.16

0.18

0.2

0.22

0.24

0.26

0.28

0.3

0 0.1 0.2 0.3 0.4 0.5
0.06

0.07

0.08

0.09

0.1

0.11

0.12

0.13

0 0.1 0.2 0.3 0.4 0.5
0.04

0.05

0.06

0.07

0.08

0.09

0.1

0 0.1 0.2 0.3 0.4 0.5
0.08

0.1

0.12

0.14

0.16

0.18

0.2

0 0.1 0.2 0.3 0.4 0.5

0.16

0.18

0.2

0.22

0.24

0.26

0.28

0.3

0 0.1 0.2 0.3 0.4 0.5
0.04

0.06

0.08

0.1

0.12

0.14

0 0.1 0.2 0.3 0.4 0.5
0.04

0.05

0.06

0.07

0.08

0.09

0.1

0 0.1 0.2 0.3 0.4 0.5
0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0 0.1 0.2 0.3 0.4 0.5
0.05

0.1

0.15

0.2

0.25

0.3

0 0.1 0.2 0.3 0.4 0.5
0.02

0.04

0.06

0.08

0.1

0.12

0.14

0 0.1 0.2 0.3 0.4 0.5
0.02

0.04

0.06

0.08

0.1

0 0.1 0.2 0.3 0.4 0.5
0

0.05

0.1

0.15

0.2

0 0.1 0.2 0.3 0.4 0.5
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0 0.1 0.2 0.3 0.4 0.5
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0 0.1 0.2 0.3 0.4 0.5
0

0.02

0.04

0.06

0.08

0.1

re
la

tiv
e 

at
ta

ck
 ra

te

age group 0 - 4 yr age group 5 - 19 yr age group 20 - 49 yr age group 50+ yr

va
cc

in
at

io
n 

st
ar

ts
 2

 w
ee

ks
  

be
fo

re
 th

e 
on

se
t o

f e
pi

de
m

ic
va

cc
in

at
io

n 
st

ar
ts

 
at

 th
e 

on
se

t o
f e

pi
de

m
ic

va
cc

in
at

io
n 

st
ar

ts
 2

 w
ee

ks
  

af
te

r t
he

 o
ns

et
 o

f e
pi

de
m

ic

(A)

(B)

(C)

probability of 
seeking care

probability of 
seeking care

probability of 
seeking care

probability of 
seeking care

va
cc

in
at

io
n 

st
ar

ts
 4

 w
ee

ks
  

af
te

r t
he

 o
ns

et
 o

f e
pi

de
m

ic(D)

re
la

tiv
e 

at
ta

ck
 ra

te
re

la
tiv

e 
at

ta
ck

 ra
te

re
la

tiv
e 

at
ta

ck
 ra

te
(1) (2) (3) (4)

(1) (2) (3) (4)

(1) (2) (3) (4)

(1) (2) (3) (4)



	   26	  

 
 
Figure S27. Age-specific attack rates for two-dose vaccination strategies in urban centre for age 
groups 0 – 4 (solid curves); 5 – 19 (dashed curves); 20 – 49 (dotted curves); and 50+ (dot-dashed 
curves). Colours correspond to morbidity-based (red), risk-based (black), outcome-based (blue), 
and random (green) vaccination strategies. 
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Figure S28. Relative attack rates for two-dose vaccination strategies in urban centre for age 
groups 0 – 4 (solid curves); 5 – 19 (dashed curves); 20 – 49 (dotted curves); and 50+ (dot-dashed 
curves). Colours correspond to morbidity-based (red), risk-based (black), outcome-based (blue), 
and random (green) vaccination strategies. 
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12. Simulations for shifted demographics (remote community) with   R0 = 2  
 

 
 

Figure S29. Age-specific attack rates for single-dose vaccination strategies in shifted 
demographics (remote community). Curves correspond to the scenarios without vaccination 
(cyan), morbidity-based vaccination strategy (red), risk-based vaccination strategy (black), 
outcome-based vaccination strategy (blue), and random vaccination strategy (green). 
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Figure S30. Relative attack rates for single-dose vaccination strategies in shifted demographics 
(remote community). Curves correspond to the scenarios without vaccination (cyan), morbidity-
based vaccination strategy (red), risk-based vaccination strategy (black), outcome-based 
vaccination strategy (blue), and random vaccination strategy (green). 
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Figure S31. Age-specific attack rates for single-dose vaccination strategies in shifted 
demographics (remote community) for age groups 0 – 4 (solid curves); 5 – 19 (dashed curves); 
20 – 49 (dotted curves); and 50+ (dot-dashed curves). Colours correspond to morbidity-based 
(red), risk-based (black), outcome-based (blue), and random (green) vaccination strategies. 
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Figure S32. Relative attack rates for single-dose vaccination strategies in shifted demographics 
(remote community) for age groups 0 – 4 (solid curves); 5 – 19 (dashed curves); 20 – 49 (dotted 
curves); and 50+ (dot-dashed curves). Colours correspond to morbidity-based (red), risk-based 
(black), outcome-based (blue), and random (green) vaccination strategies. 
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Figure S33. Age-specific attack rates for two-dose vaccination strategies in shifted demographics 
(remote community). Curves correspond to the scenarios without vaccination (cyan), morbidity-
based vaccination strategy (red), risk-based vaccination strategy (black), outcome-based 
vaccination strategy (blue), and random vaccination strategy (green). 
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Figure S34. Relative attack rates for two-dose vaccination strategies in shifted demographics 
(remote community). Curves correspond to the scenarios without vaccination (cyan), morbidity-
based vaccination strategy (red), risk-based vaccination strategy (black), outcome-based 
vaccination strategy (blue), and random vaccination strategy (green). 
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Figure S35. Age-specific attack rates for two-dose vaccination strategies in shifted demographics 
(remote community) for age groups 0 – 4 (solid curves); 5 – 19 (dashed curves); 20 – 49 (dotted 
curves); and 50+ (dot-dashed curves). Colours correspond to morbidity-based (red), risk-based 
(black), outcome-based (blue), and random (green) vaccination strategies. 
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Figure S36. Relative attack rates for two-dose vaccination strategies in shifted demographics 
(remote community) for age groups 0 – 4 (solid curves); 5 – 19 (dashed curves); 20 – 49 (dotted 
curves); and 50+ (dot-dashed curves). Colours correspond to morbidity-based (red), risk-based 
(black), outcome-based (blue), and random (green) vaccination strategies. 
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13. Hospitalization and treatment ratios 

	  

	  

Figure S37. Fraction of identified (laboratory confirmed) cases, either hospitalized or 
treated (without hospitalization) in the Burntwood and Winnipeg health regions (Manitoba) 
during the first wave of the 2009 H1N1 pandemic. In each age group, a fraction of confirmed 
cases were neither hospitalized nor treated. 
 
 
 

14. Model parameters 
Table S1. Description of model parameters and their values (ranges) used for simulations. 
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Parameter 
Description 

Value, Range Notes Reference, 
Assumption 

Infection transmission 
probability (per hour) 
 
 

Calibrated for a 
given R0  
 
 

Baseline probability of 
infection transmission 
between one fully 
susceptible and a 
symptomatically infectious 
individual (without 
treatment) if they are in 
contact for one hour 

(28,22-24) 
 
 
 

Mean infectious period 
(days) 
 

3.38 
 

Infectious period is sampled 
from a log-normal 
distribution 

(24,41) 
 

Mean latent period 
(days) 

1.5 
 

Latent period is sampled 
from a uniform distribution 

(33,40) 

Mean pre-symptomatic 
period (days) 

0.5 Pre-symptomatic period is 
sampled from a log-normal 

(33,41) 
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distribution 

Delay in seeking care 
(days) 

0.5 – 3.5  This delay is sampled from a 
uniform distribution in this 
range 

(32,41) 

Infectiousness of pre-
symptomatic stage 
relative to 
symptomatic stage 

0.5 Pre-symptomatic is 50% less 
infectious than symptomatic  

(41) 

Probability of 
symptomatic infection 
seeking treatment 

0 – 0.5 The probability that a 
symptomatic individual will 
seek treatment 

Varied in scenarios 

Probability that an 
agent younger than 19 
years of age practices 
self-isolation when 
develops symptomatic 
infection 

0.8 
 
 

School and pre-school age 
groups  
 
 

(31,33) 
 

Probability that an 
agent aged 19 – 49 
practices self-isolation 
when develops 
symptomatic infection 

0.3 
 

Adults 
 

(26,28) 

Probability that an 
agent older than 50 
years of age practices 
self-isolation when 
develops symptomatic 
infection 

0.8 
 

Older adults 
 

(26,28) 
 

Treatment duration 
(days) 
 
 
 
 

The same as 
infectious 
period as 
sampled from 
the log-normal 
distribution 

Entire infectious period for 
each individual 
 
 

Assumed 
 
 

Reduction of disease 
transmissibility for 
infectious agents 
receiving treatment 
compared to untreated 
cases 

0.6 
 

Reduction in probability of 
transmitting the disease 
since start of the treatment 
 

(28,33-35,41,42,43) 
 

Vaccine clinic hours 
 

09:00 – 17:00 
 

Vaccines are administered 
during these hours 

Assumed 
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Vaccine doses 
available per day 
 

1.7% of the 
total population 

Distributed according to the 
vaccine strategy 

Assumed 
 

Probability of 
developing 
asymptomatic 
infection in the 
absence of vaccine 

0.4 
 

Affects probability of 
developing asymptomatic 
infection 
 

(28,33,35,41,42,43) 
 

High efficacy vaccine 
Age groups 

0 – 4 years 
5 – 19 years 
20 – 49 years 
50+ years 

 
 
0.6 – 0.9 
0.6 – 0.9 
0.6 – 0.9 
0.4 – 0.7 

Age-specific vaccine 
effectiveness  
 
 
 

(15-18,34,44) 
 
 

Low efficacy vaccine 
Age groups 

0 – 4 years 
5 – 19 years 
20 – 49 years 
50+ years 

 
 
0.1 – 0.3 
0.1 – 0.3 
0.1 – 0.3 
0.1 – 0.3 

Age-specific vaccine 
effectiveness 
 
 
 
 

Assumed, (26) 

Probability of 
hospitalization for 
shifted demographics 
(remote community) 
Age groups 

0 – 4 years 
5 – 19 years 
20 – 49 years 
50+ years 

 
 
 
 
 
0.52 
0.09 
0.24 
0.31 

Probability of 
hospitalization due to 
symptomatic infection 
 
 
 

Obtained from 
epidemiological data 
of H1N1pdm09 
 
 

Probability of 
hospitalization for 
urban centre 
Age groups 

0 – 4 years 
5 – 19 years 
20 – 49 years 
50+ years 

 
 
 
 
0.29 
0.07 
0.11 
0.28 

Probability of 
hospitalization due to 
symptomatic infection 
 
 
 

Obtained from 
epidemiological data 
of H1N1pdm09 
 
 

Vaccine-induced 
protection timelines 

2 weeks 
 

Time it takes for a vaccine 
to induce the protection 
level sampled from the 

(26,27,45) 
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15. Disease model states 

Table S2. Disease states in the model. 
State variable Current state Moving to Next State 
S Susceptible E if exposed, or SV if vaccinated 
SV 

 

 

Susceptible and vaccinated 
 
 

EW if exposed before the vaccine 
boosting period (72 hours) 
elapses, and EV otherwise 
 

E 
 

Exposed to infection 
 

P when latent period ends or EW if 
vaccinated 
 

EV 

 
Exposed to infection, vaccinated 
 

PV when latent period ends 

EW 

 
Exposed to infection, vaccine 
wastage 
 

PW when latent period ends 

P 
 
 

Pre-symptomatic infection 
 
 

 IUS, IUK, or A when pre-
symptomatic period ends, PW if 
vaccinated 
 

PV 

 
Pre-symptomatic infection, 
vaccinated 
 

IUS, IUK, or AV when pre-
symptomatic period ends 

PW 

 

 

Pre-symptomatic infection, vaccine 
wastage 
 

IUSW, IUKW, or AW  when pre-
symptomatic period ends 
 

IUK  

 

 

Infectious, untreated, keeping regular 
schedule 
 
 

ITK if seeks care and receives 
treatment, RU when infectious 
period ends, IUKW if vaccinated, or 
H if hospitalized 
 

IUKV 

 

 

Infectious, untreated, keeping regular 
schedule, vaccinated 
 

ITKV if seeks care and receives 
treatment, RUV when infectious 
period ends, or HV if hospitalized 
 

IUKW 

 

 

Infectious, untreated, keeping regular 
schedule, wasted vaccine 
 

ITK if seeks care and receives 
treatment, RUW when infectious 
period ends, or HW if hospitalized 

associated range 
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IUS 

 

 

  

Infectious, untreated, self-isolated 
 
 
 

ITS if seeks care and receives 
treatment, RU when infectious 
period ends, IUSW if vaccinated, H 
if hospitalized 
 

IUSW 

 

 

Infectious, untreated, self-isolated 
 
 

RW if infectious period ends, HW 
if hospitalized, ITSW if receives 
treatment  
 

IUSV 

 

 

Infectious, untreated, self-isolated, 
vaccinated 
 

ITSV if seeks care and receives 
treatment, RV if infectious period 
ends, HV if hospitalized 
 

ITKV 

 
Infectious, treated, keeping regular 
schedule, vaccinated 

RTV  when infectious period ends, 
HV if hospitalized 
 

ITKW 

 
Infectious, treated, keeping regular 
schedule, vaccine wasted 
 

RTW  when infectious period ends, 
HW if hospitalized 

ITS 

 
Infectious, treated, self-isolated 
 

RT  when infectious period ends 

ITSW 

 

 

Infectious, treated, self-isolated, 
vaccine wasted 
 

RTW  when infectious period ends, 
HW if hospitalized 

ITSV 

 
Infectious, treated, self-isolated, 
vaccinated 

RTV  when infectious period ends, 
HV if hospitalized 
 

A Asymptomatic RU  or AW if vaccinated 
 

AW  Asymptomatic, wasted vaccine RWU 

AV  Asymptomatic, vaccinated RVU 
H 
 

Hospitalized 
 

RT  when infectious period ends 

HV 

 
Hospitalized, vaccinated 
 

RTV  when infectious period ends 

HW 

 
Hospitalized, wasted vaccine 
 

RTW  when infectious period ends 
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RT Recovered, treated (identified) None 
 

RU Recovered, untreated RUW if receives vaccine 
 

RTW Recovered, treated, wasted vaccine None 

RTV Recovered, treated, vaccinated None 
 

RUW Recovered, untreated, wasted 
vaccine 

None 

RUV Recovered, untreated, vaccinated None 
 


